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S U M M A R Y
Objectives: To study the clinico-epidemiological trends in melioidosis, an emerging disease in the
western coastal region of India.
Methods: Data of 95 patients with melioidosis in the western coastal region of India were retrospectively
analyzed with respect to monthly rainfall, risk factors, clinical presentations, and outcome.
Results: A strong linear correlation was seen between average monthly rainfall and the occurrence of
cases (p = 0.002). Mortality was seen only in patients with bacteremia (p < 0.001). Nine (40.9%) patients
with septic shock died (p < 0.001). Age 40 years and diabetes mellitus were seen in 75.8% of cases, each.
Pneumonia was the most common clinical presentation (32.6%), followed by musculoskeletal disease
(20%), melioidotic lymphadenopathy (7.4%), and dental abscess (6.3%). Only 36.8% of patients had
exposure to wet soil/surface water.
Conclusions: Melioidosis is quite prevalent in the western coastal region of India, and is strongly
associated with rainfall, age, and diabetes mellitus. Higher proportions of musculoskeletal, dental, and
lymph node melioidosis were seen in this region as compared to endemic areas. Bacteremic melioidosis
has a poorer prognosis than non-bacteremic melioidosis. The presence of septic shock is a strong
predictor of mortality. Percutaneous inoculation may not be the main portal of entry for Burkholderia
pseudomallei in this region.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Melioidosis, which is endemic in Southeast Asia and northern
Australia, is an emerging infection in other Asian regions, including
India, China, and Sri Lanka, and also in Brazil, South America.1,2
With increasing awareness of melioidosis, more cases have now
been reported from various regions of India, including Maharash-
tra, Kerala, Karnataka, Tamil Nadu, and Pondicherry.3–6 Recently,
clusters of cases have been reported from the western coastal
region of India.7,8
The epidemiology and risk factors of melioidosis have been
extensively studied in endemic areas, from where high mortality
rates have been reported, i.e., up to 50% in northeast Thailand and
14% in northern Australia.1,2 However, detailed studies on the
epidemiology of melioidosis in India are lacking. The western
coastal region of India seems to be an ideal setting for endemicity
of this disease, with an annual rainfall of about 300 cm (tropical* Corresponding author. Tel.: +91 824 2444590 ext. 5065/5063.
E-mail address: k.vidyalakshmi@lycos.com (K. Vidyalakshmi).
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http://dx.doi.org/10.1016/j.ijid.2012.02.012monsoon climate), a high population of diabetics,9,10 and agricul-
ture as the predominant occupation. In this study we retrospec-
tively analyzed the data of cases of melioidosis presenting at our
hospital to study the epidemiology, risk factors, and clinical
presentations of this disease in the western coastal region of India.
2. Materials and methods
2.1. Study population
All patients with culture-conﬁrmed melioidosis whose clinical
specimens (blood, exudates, and urine) were received at the
Microbiology Laboratory, Kasturba Medical College Hospital,
Mangalore, during the period January 2005 to December 2010
were included in the study. Blood cultures were performed using
the BacT-Alert automated blood culture system (bioMe´rieux,
Marcy l’Etoile, France). All other specimens were cultured on sheep
blood agar, chocolate agar, and MacConkey agar. Isolates were
identiﬁed by standard microbiological techniques.11 Salient
features of identiﬁcation included: oxidase-positive, Gram-nega-
tive bacilli with bipolar staining; rough, wrinkled, pink colonies onses. Published by Elsevier Ltd. All rights reserved.
Table 1
Clinical presentations and outcomes of 95 cases of melioidosis
Clinical presentations Total cases
n (%)
Septic shock cases
n (%)
Deaths
n (%)
Bacteremic melioidosis (n = 37)
Pneumonia 19 (20) 11 (50) 7 (77.8)
Septic arthritis 5 (5.3) 2 (9.1) 0
Splenic abscess 2 (2.1) 0 0
Lymphadenopathy 1 (1.1) 1 (4.5) 0
Prostatic abscess 1 (1.1) 0 0
No focus identiﬁed 9 (9.5) 8 (36.4) 2 (22.2)
Non bacteremic melioidosis (localized melioidosis) (n = 58)
Pneumonia 12 (12.6) 0 0
Septic arthritis 10 (10.5) 0 0
Lymphadenopathy 6 (6.3) 0 0
Dental abscess 6 (6.3) 0 0
Psoas abscess 4 (4.2) 0 0
Skin nodules 3 (3.2) 0 0
Parotid abscess 2 (2.1) 0 0
Pericardial effusion 2 (2.1) 0 0
Gluteal abscess 2 (2.1) 0 0
Breast abscess 2 (2.1) 0 0
Splenic abscess 2 (2.1) 0 0
Liver abscess 2 (2.1) 0 0
Prostatic abscess 1 (1.1) 0 0
Pyopneumothorax 1 (1.1) 0 0
Lung abscess 1 (1.1) 0 0
Pyelonephritis 1 (1.1) 0 0
Meningitis 1 (1.1) 0 0
Total 95 22 (23.2) 9 (9.5)
K. Vidyalakshmi et al. / International Journal of Infectious Diseases 16 (2012) e491–e497e492MacConkey agar; oxidative utilization of glucose, lactose, and
maltose; lysine decarboxylase-negative; arginine dihydrolase-
positive; reduced nitrates; positive gelatin liquefaction; growth
at 42 8C positive; resistance to gentamicin (10 mg/disk) and
polymyxin B (300 U/disk); and growth on Ashdown’s medium12
positive, with formation of rugose colonies resembling cornﬂower
heads, which take up neutral red dye from the medium.
Identiﬁcation was conﬁrmed by the Mini API System (bioMe´rieux)
for the initial isolates, and the later isolates were conﬁrmed by the
Vitek 2 Compact System (bioMe´rieux).
Case records of culture-positive patients were retrospectively
analyzed. The month of the year in which the patient presented
with illness was noted in order to determine if there was a
correlation with the monsoon season. The monthly rainfall
statistics for the past 6 years were obtained for two districts,
namely Dakshina Kannada (DK) and Kasaragod, situated in the
western coastal region of India.13
Primary clinical presentations and secondary clinical foci of
infection were noted. Melioidosis was classiﬁed as bacteremic
melioidosis (a positive blood culture with a single focus or no
identiﬁable focus of infection), or localized melioidosis (one or
more foci of infection and a negative blood culture). Clinical
presentation was considered acute and from a recent infection if
symptoms had been present for less than 2 months, and
presentation was considered chronic when symptoms had been
present for more than 2 months.14
The presence of risk factors and underlying comorbidities were
recorded, including diabetes mellitus, alcohol intake, chronic renal
disease, chronic lung disease, occupation (whether it involved
contact with wet soil and water), age, and sex of the patient. The
outcome of treatment was noted.
2.2. Deﬁnitions
Diabetes mellitus was deﬁned as a fasting blood glucose level
126 mg/dl (7.0 mmol/l) or postprandial blood glucose level
200 mg/dl (11.1 mmol/l).15 Excessive alcohol consumption was
deﬁned as more than 14 drinks per week or four drinks per occasion
for men, and as more than seven drinks per week or three drinks per
occasion for women, in accordance with the criteria established by
the US National Institute on Alcohol Abuse and Alcoholism.16
Chronic kidney disease was deﬁned as kidney damage or a
glomerular ﬁltration rate (GFR) <60 ml/min/1.73 m2 for 3 months,
irrespective of cause.17 Chronic lung disease was deﬁned as a
documented diagnosis of chronic obstructive airways disease.14
2.3. Statistical analyses
The correlation coefﬁcient was calculated for assessing the linear
relationship between average monthly rainfall and the number of
cases of melioidosis for those months. Correlation was assessed by
non-parametric method to obtain the corresponding Spearman’s
correlation coefﬁcient. Associations between categorical variables
were analyzed by Fisher’s exact test. A p-value of <0.05 was
considered signiﬁcant. Institutional ethics committee clearance for
the study was obtained. Informed patient consent was not required
as this was a retrospective analysis of case records.
3. Results
During the 6-year study period, 95 cases of melioidosis were
conﬁrmed by culture in our laboratory (Table 1). Of these, 37
(38.9%) were bacteremic melioidosis. Twenty-two (59.5%) of the
bacteremic patients had septic shock. Nine of the 22 patients with
septic shock died (40.9%), as compared to none of the patients
without septic shock, who all (100%) survived (Fisher’s exact test,p < 0.001). All nine patients who died were bacteremic; there was
no mortality among non-bacteremic patients (Fisher’s exact test,
p < 0.001).
All our patients came from DK and Kasaragod districts, which
are situated in the western coastal region of India. Sixty-eight
patients (71.6%) presented during the heavy monsoon months
(June to September, southwest monsoon). Figure 1 shows the
relationship between the average monthly rainfall in DK and
Kasaragod districts, and the occurrence of melioidosis cases, as
well as bacteremia, septic shock, and deaths due to melioidosis.
The number of melioidosis cases in a month was linearly correlated
with the average monthly rainfall, and this correlation was found
to be highly statistically signiﬁcant (Spearman’s correlation
coefﬁcient = 0.803; p = 0.002). Twenty-eight (75.7%) of the
bacteremic cases, 18 (81.8%) septic shock cases, and six (66.7%)
deaths occurred during the monsoon months.
Patients ranged in age from 20 days to 74 years (median 50
years, interquartile range 16 years). Seventy-two (75.8%) patients
were aged 40 years. The maximum number of cases occurred in
those between the ages of 40 and 70 years (69 patients, 72.6%);
seven patients were children (age 12 years). Sixty-three (66.3%)
patients were male, and the male-to-female ratio was 2.0:1.
3.1. Clinical presentations
The primary clinical presentations and outcomes of the 95
patients with culture-conﬁrmed melioidosis are shown in Table 1.
Fever was the most consistent presenting complaint and was
present in 92 (96.8%) patients. Of the three patients without fever,
one was a 29-year-old pregnant woman with no deﬁned risk
factors who presented with cervical lymphadenopathy, the second
was a 61-year-old male with impaired glucose tolerance who
presented with a dental abscess from which Burkholderia
pseudomallei was isolated, and the third was a 34-year-old diabetic
woman with B. pseudomallei pneumonia.
The duration of presenting complaints ranged from 2 days to as
long as a year (median duration 4 weeks, interquartile range 7
weeks). Sixty-eight (71.6%) patients had acute presentations (25
pneumonia, 11 septic arthritis, seven septicemia, ﬁve dental
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Figure 1. Relationship between average monthly rainfall and the number of cases of melioidosis, and of bacteremia, septic shock, and deaths due to melioidosis.
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chronic presentations (six pneumonia, four septic arthritis, three
psoas abscess, and 14 others). Forty-eight (70.6%) patients with
acute presentations and 19 (70.4%) patients with chronic
presentations presented during the monsoon season.
Pulmonary melioidosis was the most common clinical presen-
tation, accounting for 33 (34.7%) cases; of these, 31 presented with
pneumonia, which accounted for 32.6% of cases overall. Of the
remaining two, one presented with pyopneumothorax and the
other with a lung abscess. Twenty-ﬁve (80.6%) cases of pneumonia
had an acute presentation, and of these 23 (92%) presented during
the monsoon season. Even when considered separately among
bacteremic and non- bacteremic patients, pneumonia was the
most common presentation (51.4% and 20.7%, respectively) (Table
1). Seven patients with bacteremic pneumonia died.
Nineteen cases (20%) presented with musculoskeletal melioi-
dosis (15 septic arthritis and four psoas abscess). Septic arthritis
caused by B. pseudomallei affected only the large joints, most often
the knee (12 cases), followed by the elbow joint (two patients), hip
(one patient), and shoulder (one patient). One patient had
involvement of both the knee and elbow joint. Eleven patients
had acute presentations with symptoms of less than 8 weeks
duration. Five patients were bacteremic and two had septic shock.
All 15 patients were diabetic, and six of them had occupational
exposure to wet soil/ground water. Thirteen patients had a raised
erythrocyte sedimentation rate (ESR). Ten had a chest radiographic
picture suggestive of tuberculosis in the form of consolidation,
ﬁbrocavitary lesion, or non-homogeneous upper lobe opacity, due
to which anti-tubercular therapy (ATT) was started on clinical and
radiological grounds. Surgical drainage was done, and B. pseudo-
mallei was isolated from pus in 10 cases and from blood in ﬁve
cases. Following this, ATT was withdrawn and appropriate therapy
for melioidosis was given. All 15 patients recovered.
Spondylitis with psoas abscess was the presenting feature for
four patients. The predominant clinical complaints were fever and
backache. Three of them had a chronic presentation. All four
patients had a raised ESR, and an X-ray of the spine showed
spondylitis and a reduction in disc space. Hence, all four were
initially treated for tuberculosis on clinical and radiological
grounds. Following surgical drainage, B. pseudomallei was isolated
from psoas abscess pus in all four patients. Interestingly, in one
patient, the psoas abscess pus was also positive for Mycobacteriumtuberculosis by acid-fast bacillus (AFB) smear and by PCR. This
patient was also Mantoux test positive. Speciﬁc antibiotic therapy
was given to all four patients. The person who was AFB-positive
was also simultaneously given ATT. All four patients recovered.
Lymphadenopathy was the presenting feature in seven (7.4%)
patients. One patient was bacteremic and had involvement of the
upper deep cervical nodes. This patient also had radiological
evidence of liver abscess and non-homogeneous lung opacity. The
other six patients were non-bacteremic and had involvement of
cervical (n = 4) and supraclavicular (n = 2) nodes. In one patient
with supraclavicular node involvement, a computed tomography
scan revealed enlarged mediastinal lymph nodes and a small
encysted pleural effusion. Six patients had a raised ESR, and in four
patients ﬁne needle aspiration cytology from the lymph nodes
showed granulomatous reactions suggestive of tuberculous
lymphadenitis. All were initially empirically treated with ATT.
When B. pseudomallei was recovered from lymph node aspirate
and/or blood culture, ATT was withdrawn and appropriate
treatment for melioidosis was instituted. All patients recovered.
Six cases presented with dental abscesses, subsequent to dental
manipulations. One was a 4-year-old male child who underwent
ﬁlling of a cavity in the lower molar tooth. This was followed 4–5
days later by fever, pain, swelling, and abscess formation in the
mandible just below the tooth. The other ﬁve patients were adults
(four diabetic and one with impaired glucose tolerance) who had
undergone root canal treatment, which was followed by abscess
formation in the jaw just below the manipulated tooth. One patient
also developed an enlarged submandibular lymph node. In all six
cases the affected tooth was extracted and pus from the abscess
was sent for culture; all grew B. pseudomallei. Following
appropriate treatment for melioidosis all six patients recovered.
Other presentations included visceral abscesses (liver, spleen,
prostate, parotid, and pericardium), skin and soft tissue abscesses,
pyelonephritis, and meningitis (Table 1).
In addition to the primary clinical presentation, secondary
clinical foci were subsequently evident during the course of clinical
illness (Table 2) in 24 (25.3%) patients overall.
Three patients had culture-conﬁrmed recurrent melioidosis
following completion of antibiotic therapy and clinical improve-
ment during the ﬁrst presentation. One was a 17-year-old female
juvenile diabetic in whom B. pseudomallei was isolated from blood
during the initial presentation and from sputum during the
Table 2
Secondary clinical foci
Primary clinical
presentation
No. No. with
secondary foci
Secondary clinical focia
Pneumonia 31 6 2 liver abscesses, 1 septic arthritis, 1 mediastinal mass, 1 pleural effusion, 1 peritonitis,
1 splenic abscess, 1 parotid abscess
Septic arthritis 15 4 1 pneumonia, 1 subcutaneous nodules, 1 mediastinal lymphadenopathy, 1 urinary tract infection
Lymphadenopathy 7 2 1 pneumonia, 1 pleural effusion, 1 liver abscess
Splenic abscess 4 2 1 pneumonia, 1 pyopneumothorax
Psoas abscess 4 1 1 peritonitis
Skin nodules 3 1 1 lymphadenopathy, 1 liver abscess, 1 splenic abscess
Gluteal abscess 2 2 1 pneumonia, 1 septic arthritis
Pericardial effusion 2 1 1 pleural effusion
Prostatic abscess 2 1 1 pneumonia
Liver abscess 2 1 1 perinephric abscess
Meningitis 1 1 1 prostatic abscess, 1 renal abscess
Pyopneumothorax 1 1 1 liver abscess
Pyelonephritis 1 1 1 lymph node enlargement
a Some patients had more than one secondary focus.
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septicemia. The recurrence occurred 6 months later when she
presented with pneumonia; an ultrasonogram showed right lung
collapse, pleural effusion, and focal lesions in the liver. The second
patient was a 55-year-old diabetic woman who presented with
pneumonia during the primary episode. The second episode
occurred after 6 months, and she presented with cellulitis of the
lower limb. B. pseudomallei was isolated from blood during the
primary episode and from pus during the recurrence. Both of these
patients were given a second course of treatment for melioidosis,
following which they recovered. The third was a 31-year-old
diabetic man who presented initially with pneumonia and sepsis.
The recurrence occurred after 3 months, and he presented with
features of septic shock. B. pseudomallei was isolated from blood in
both instances. The patient died of the infection during the second
episode.Table 3
Risk factors in 95 patients with melioidosis, associated bacteremia, and mortality
Risk factor No
To
n (
Diabetes 72
Age 40 years 72
Exposure to soil 35
Chronic kidney disease 11
Alcoholism 10
Chronic lung disease 9
Immunosuppressive therapy/other immunosuppressive conditionb 12
No deﬁned risk factors 12
a Some patients had more than one risk factor.
b Four with steroid therapy, two with HIV infection, two with malignancy, one with sy
malnutrition, and one with cirrhosis.
Table 4
Comparison of epidemiology of melioidosis in India with other regions
Parameter This study
n = 95
Median age (years) 50 
M:F ratio 2.0:1 
Bacteremic cases % 38.9 
Mortality % 9.5 
Diabetes mellitus % 75.8 
Environmental exposure to Burkholderia pseudomallei % 36.8 
Pulmonary disease % 34.7 
Musculoskeletal disease % 20 
Dental abscess % 6.3 
Prostatic abscess % (calculated in males only) 3.2 
Neurological disease % 1.1 
NR, not recorded.Table 3 shows the risk factors and associated bacteremia and
mortality. Predisposing factors were present in 83 (87.4%) patients.
Seventy-two (75.8%) of the 95 patients were diabetic and 72
(75.8%) were aged over 40 years. Eleven (11.6%) patients had
chronic kidney disease (CKD). There was a statistically signiﬁcant
higher occurrence of bacteremia in patients with CKD compared to
those without CKD (81.8% vs. 33.3%, Fisher’s exact test p = 0.003).
Thirty-ﬁve (36.8%) patients had occupational exposure to wet soil
or surface water in the form of farming, agriculture, gardening,
ﬁshing, manual labor, land surveying, and building construction.
The other major risk factors included alcoholism, immunosup-
pression, and chronic lung disease. Twelve (12.6%) patients had no
deﬁned risk factors.
Table 4 shows a comparison of the epidemiology of melioidosis
between the western coastal region of India and known endemic
regions.. of patientsa
tal (N = 95)
%)
Bacteremic cases (n = 37)
n (%)
Deaths (n = 9)
n (%)
 (75.8) 23 (62.2) 4 (44.4)
 (75.8) 27 (73.0) 5 (55.6)
 (36.8) 9 (24.3) 1 (11.1)
 (11.6) 9 (24.3) 2 (22.2)
 (10.5) 3 (8.1) 1 (11.1)
 (9.5) 0 0
 (12.6) 6 (16.2) 3 (33.3)
 (12.6) 4 (10.8) 1 (11.1)
stemic lupus erythematosus and steroid therapy, one had a splenectomy, one with
Northern Australia14
n = 540
Thailand
n = 6861, n = 20421
Malaysia20
n = 145
49 52 50
2.2:1 1.6:1 3:1
55 58 52
14 38–61 34
39 60.3 57
81 81 NR
51.4 45 42.1
3.7 5 4.8
0 0 0
20.4 0.3 0.9
2.5 3 4.8
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Upon receipt of laboratory reports patients were treated as per
recommendations,1,2 with intravenous ceftazidime during the
acute phase (2 weeks) and trimethoprim–sulfamethoxazole,
doxycycline, and chloramphenicol during the eradication phase
(12–20 weeks). Chloramphenicol was given only for the ﬁrst 8
weeks and was withdrawn if the leukocyte count fell below
4  109/l. Nine patients died. Among those who recovered, the
time taken for defervescence varied from 7 to 15 days.
4. Discussion
Detailed studies on the epidemiology and risk factors of
melioidosis from the Indian subcontinent are lacking, although
increasing numbers of cases have been reported from this region
due to increasing awareness.3–8 During the span of 6 years from
January 2005 to December 2010, we diagnosed a total of 95 cases of
melioidosis by culture. Many similarities in the epidemiological
features of melioidosis in this region were observed as compared to
those of known endemic regions. However, some differences in
epidemiology were also observed.
During the southwest monsoon (June to September) the
western coastal region of India receives approximately 250–
300 cm of rainfall, along with heavy winds. The association
between rainfall intensity and melioidosis is well documented
from endemic regions, with 75% and 85% of cases presenting
during the rainy season in northeast Thailand18 and northern
Australia,19 respectively. Our study also shows a similar pattern,
with 71.6% of patients presenting during the monsoon. B.
pseudomallei is a soil saprophyte found in soil and surface water
in endemic regions. Infection is believed to occur by inoculation
through skin abrasions or by inhalation.1,2 The intensity of rainfall
has been shown to be an independent risk factor for melioidosis
pneumonia, septic shock, and death.19
A similar association was seen in our study, with 71.6% of
melioidosis cases, 75.7% of melioidotic bacteremia, 81.8% of septic
shock cases, and 66.6% of deaths due to melioidosis occurring
during the monsoon months (Figure 1). Many possible explana-
tions have been suggested for more severe disease following
rainfall, including aerosolization of bacteria from surface water
and soil during heavy winds and rain, larger bacterial inoculating
dose, and infection with more virulent bacteria.19
A higher proportion of males were found to be affected by
melioidosis (66.3%). A male preponderance has been documented
in other studies from endemic regions. Males accounted for 69%,
75.2%, and 61.8% of patients, respectively, in studies from
Australia14, Malaysia,20 and Thailand21 (Table 4). This is probably
explained by the higher exposure of men to outdoor activities.
Melioidosis has been referred to as the ‘‘remarkable imitator’’22
and the ‘‘mimicker of maladies’’,3 because the disease can mimic
pyogenic bacterial infection, Gram-negative sepsis, or tuberculosis.
In our study there was no single presenting clinical feature that
was typical of melioidosis, but fever was the most consistent
complaint and was present in 96.8% of patients. Melioidosis is
known to present as a febrile illness with protean clinical
manifestations, ranging from acute fulminant septicemia to
chronic debilitating localized infection, characterized by abscess
formation. Evidence of recent trauma or an infected wound is
usually not present, and it can affect almost any organ in the
body.2,23 In our study too we found varied clinical presentations
(Table 1).
Pneumonia as the most common clinical presentation (32.6%)
correlates well with studies from endemic regions, although the
incidence was less than that seen in endemic areas. In the Darwin
study from northern Australia, pneumonia accounted for 51% ofcases.14 In Thailand1 and Malaysia,20 pneumonia accounted for
45% and 42.1% of cases, respectively (Table 4). Inhalation is
believed to be the mode of acquisition, particularly of acute
pulmonary melioidosis, especially during severe weather condi-
tions like tropical cyclones and intense rainfall with winds. In our
study, 92% of acute melioidotic pneumonia occurred during the
monsoon. Chronic pulmonary melioidosis is thought to be
acquired through cutaneous exposure followed by hematogenous
dissemination to the lung.19,24 Pulmonary melioidosis often
mimics pulmonary tuberculosis, both clinically and radiologically,
and can be differentiated reliably only on isolation of B.
pseudomallei in culture. This should particularly be kept in mind
in regions where both diseases are prevalent.8
There were certain differences in the clinical presentations in
this study when compared with studies from endemic regions,
which included a higher proportion of musculoskeletal melioi-
dosis, a higher frequency of dental abscesses following dental
procedures, and a higher proportion of melioidotic lymphadenop-
athy.
Musculoskeletal melioidosis is a well-recognized manifestation
of the disease, but is relatively rare even in endemic areas. In the
Darwin study from Northern Australia, musculoskeletal melioi-
dosis accounted for 3.7% of all cases of melioidosis14 and in the
Infectious Diseases Association of Thailand series, 5% of all cases of
melioidosis presented with musculoskeletal disease.1 In contrast,
musculoskeletal melioidosis accounted for 20% of all cases in our
study (Table 4).
Septic arthritis due to B. pseudomallei usually involves large
joints, most often the knee, followed by elbow, shoulder, and hip
joints.25 The clinical signs and symptoms do not differentiate it
from other causes of septic arthritis (the affected joint appears hot,
red, tender, and swollen), except that the systemic features of
illness are often more prominent.25 Radiographic pictures are
indistinguishable from those of tuberculous bone involvement.
Spondylitic melioidosis poses a diagnostic and therapeutic
challenge. It is clinically and radiologically indistinguishable from
tuberculous spondylitis.8 Since tuberculosis is endemic in India,
chronic spondylitis with psoas abscess and a high ESR is
empirically treated as tuberculosis, unless proved otherwise.
Melioidosis of bone and joint mimicking a tuberculous infection
has been reported previously.8 Isolation of the causative agent in
culture is the only way to arrive at a speciﬁc diagnosis of
melioidosis, and a high index of suspicion is required for an early
and accurate diagnosis. Surgical drainage and long-term courses of
intravenous antibiotics are required for successful treatment.
Although rare, lymph node involvement by B. pseudomallei has
previously been reported. Previous studies have reported suppu-
rative involvement of inguinal nodes and mediastinal nodes, as
well as lymph nodes of the head and neck region by B.
pseudomallei.26,27 Lymphadenitis due to B. pseudomallei can also
mimic tuberculous lymphadenitis, especially in areas where
tuberculosis is endemic.8 Therefore melioidosis should be consid-
ered in the differential diagnosis of suppurative or granulomatous
regional lymphadenitis in this region.
Melioidosis following dental manipulation is rare. To the best of
our knowledge there has only been a single report of disseminated
melioidosis occurring after dental extraction; this involved a
Japanese man after his return from a business trip to Singapore and
Indonesia.28 Six patients in our study had a localized dental abscess
following dental manipulation. None of them had a history of
exposure to soil. Dental root canal treatment is usually done in
three to four sittings, each sitting a few days apart. Between the
sittings, the canal is left open for drainage. The causative agent
might have been introduced through this opening during rinsing/
gargling while brushing teeth, and the domestic water supply
could have been the source. Chlorination of water for domestic
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supplies for B. pseudomallei should be done in this region to
conﬁrm this hypothesis.
Melioidosis presenting as abscesses (both skin and visceral) is
not uncommon and may serve as a source of systemic infection, or
result from hematogenous spread.1 It has previously been
suggested that melioidosis should be considered in the differential
diagnosis when abscesses are encountered at unusual sites, such as
spleen, prostrate, and parotid, with chronic presentation.29 Liver
abscess can be caused by Entamoeba histolytica or by enteric
bacteria, in addition to B. pseudomallei. However splenic abscess
with enteric bacteria or protozoa is much less common, and should
therefore alert one to the possibility of melioidosis.2 In Thailand,
95% of splenic abscesses are due to B. pseudomallei.2 In our study
we had four cases of splenic abscess. The incidence of prostatic
abscess seems to be high in Australia (20% of male patients) as
compared to Thailand (0.3%)1 and in our study (3.2%). It has been
reported that prostatic abscesses require drainage along with
appropriate treatment in contrast with other internal abscesses
which may respond to medical therapy alone.30
Recurrent melioidosis after an apparent cure following the ﬁrst
episode is well documented and has been studied extensively in
endemic areas.31–33 Reported rates of recurrent melioidosis are
16% in Thailand31 and 6% in northern Australia.14 A study from
Thailand showed that 75% of recurrences were due to relapse of the
original infecting strain, and relapse in these cases usually
occurred within 12 months of the initial episode; 25% of
recurrences were due to reinfection, where the strain isolated
during the primary and recurrent episodes differed genotypically,
and reinfection in these cases usually occurred 1 year after the
initial episode.33 The most important determinants of relapse in a
study from Thailand were the choice and duration of oral
antimicrobial therapy. Oral therapy with trimethoprim–sulfa-
methoxazole and doxycycline for 12–16 weeks had a 90% reduced
risk of relapse compared with patients treated for 8 weeks.31
Other documented risk factors for relapse include bacteremia on
initial admission, multifocal distribution, and diabetes melli-
tus.14,31 In our study all three patients with recurrent melioidosis
were diabetic and had bacteremia on initial presentation. One
patient had multifocal distribution of lesions. One patient with
recurrent melioidosis died.
Table 2 shows that the development of secondary clinical foci of
infection is not uncommon in melioidosis (25.3%), and this has also
been reported in other studies.14
Diabetes mellitus is the most important risk factor for
melioidosis and is reported to increase the relative risk of infection
by up to a hundred-fold in certain age groups in northeast
Thailand.18 Case–control studies from Thailand have documented
diabetes mellitus, pre-existing renal disease, thalassemia, and
occupational exposure to soil and water to be conﬁrmed risk
factors for melioidosis and bacteremic melioidosis.21 Excessive
alcohol use, malignancy, and immunosuppression are also recog-
nized risk factors for melioidosis.1,2
It has been suggested that melioidosis may be the presenting
feature of diabetes, and in areas of endemic melioidosis, diabetics are
at higher risk of developing melioidosis, especially systemic disease,
than septicemia caused by other bacteria.21 In Thailand and
Australia the estimated relative risk of melioidosis in diabetic
patients has been reported to be 13.1 and 5.9, respectively.1,2 It has
been established that competent neutrophil function and innate
immunity are critical in providing host immunity to B. pseudomal-
lei.30,34 Melioidosis has also been documented in patients with
chronic granulomatous disease, in whom neutrophil function is
impaired.35 A study from Thailand showed that polymorphonuclear
leukocytes (PMNs) from diabetic subjects display impaired phago-
cytosis of B. pseudomallei, reduced migration in response tointerleukin-8, and inability to delay apoptosis, when compared to
PMNs from non-diabetic persons.36 Neutrophil function is also
impaired in alcoholics37 and in patients with chronic renal disease,38
and this probably explains their role as risk factors for melioidosis.
Endemic regions have reported varying rates of diabetes: 39% in
the Darwin study,14 56.6% in a study from Malaysia,20 and 60.3% in
Thailand21 (Table 4). In our study 75.8% of patients were diabetic,
which appears to be the highest reported rate so far. Melioidosis
could probably be looked upon as a speciﬁc opportunistic infection
in a diabetic patient in this region. Age 40 years also appears to be
a major risk factor for contracting melioidosis (75.8%). Chronic
kidney disease as a signiﬁcant risk factor for the development of
bacteremic melioidosis (p = 0.003) correlates well with other
studies,14 in which 78% of patients with CKD had B. pseudomallei
bacteremia.
Melioidosis does not seem to be associated with HIV infection. A
study from Thailand showed that the clinical presentation and
outcome of melioidosis were similar in HIV-positive and HIV-
negative patients.39 Therefore, cell-mediated immune mecha-
nisms are probably not of critical importance in the immune
response to B. pseudomallei. In our study only 2.1% of patients were
HIV-positive.
The development of septic shock appears to be a strong
predictor of mortality (p < 0.001) from melioidosis, and correlates
well with other studies. In the Darwin study from Northern
Australia, 50% of patients with septic shock due to B. pseudomallei
died.14 An important observation in our study was that mortality
was seen only in patients with bacteremia (p < 0.001). Non-
bacteremic melioidosis appears to have a favorable outcome as
compared to bacteremic melioidosis. This observation should help
the physician to prioritize and be aggressive in the treatment of
bacteremic melioidosis, which may be important in resource-poor
settings. Such trends have also been observed in a previous study
in which mortality was 20% in bacteremic patients and only 7% in
non-bacteremic patients.14
Exposure to soil/water has been documented as a risk factor for
the acquisition of melioidosis.1,2 Rice farmers constitute 81% of
patients in Thailand. A study from Thailand showed that among
diabetic patients, rice farmers had a six- to nine-times higher risk
of developing melioidosis than non-diabetics and non-rice farm-
ers. Impaired immunity due to diabetes and the extent of exposure
to B. pseudomallei in the ﬁeld probably act as synergistic risk factors
for melioidosis.21 In northern Australia, 75% of patients had
exposure to environmental B. pseudomallei through recreational
activities and 18% through occupational activities.14 However in
our study only 36.8% of patients had exposure to soil/water (Table
4). Hence, percutaneous inoculation may not be the main portal of
entry for B. pseudomallei in this region.
Melioidosis is often looked upon as a latent infection, but if so, the
question arises as to why there should be a seasonal variation even in
those patients showing a chronic presentation, 70.4% of whom
presented during the monsoon season. B. pseudomallei is an
environmental organism that grows in a humid environment.
Therefore it is likely that the majority of infections are not latent
infections, but fresh infections. It has been proposed that the moist,
humid conditions during the monsoon may have an exalting effect
on pathogen virulence, and also increase the environmental B.
pseudomallei load.19
Melioidosis is quite prevalent in this region and accounts for
considerable morbidity and mortality. Melioidosis frequently
presents along with comorbid illnesses. A high index of suspicion
and good communication between physician and laboratory
personnel is essential for a rapid and accurate diagnosis of
melioidosis. Isolation in culture and subsequent identiﬁcation take
5–6 days at the earliest. There is a deﬁnite need for rapid and
reliable diagnostic tests for melioidosis to facilitate early diagnosis
K. Vidyalakshmi et al. / International Journal of Infectious Diseases 16 (2012) e491–e497 e497and treatment, thereby reducing morbidity and mortality. PCR-
based tests and serological tests developed from stock cultures of
isolates from the present study are being planned to address this
issue. Soil, water, and other environmental sources need to be
investigated in order to develop optimal strategies for the control
of melioidosis.
In conclusion, the epidemiology of melioidosis in the Indian
subcontinent is similar to that in reported endemic areas with
respect to the diverse clinical presentations, association with the
monsoon season, and diabetes being a major risk factor.
Differences include a higher proportion of musculoskeletal
melioidosis, a higher frequency of dental abscesses following
dental procedures, a higher proportion of melioidotic lymphade-
nopathy, and fewer patients with a history of exposure to soil/
water in this study. The presence of septic shock is a strong
predictor of mortality. Bacteremic melioidosis has a poorer
prognosis than non-bacteremic melioidosis.
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